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Abstract: Vertical deformation in Tianjin area during 1992-2008 waa calculated from leveling data. The effect 
of large surlace subsidence caused by extensive groundwater pumping was removed by fitting the data along 
each survey line with a polynomial function. The results are fitted with crustal blocks individually in this area. 
Vertical deformation rates are mapped , vertical rates of the main fault zones were calculated, and the activities 
of the blocks and fault zones were investigated. The observed vertical deformation shows that some of the blocks 
tilted and some blocks rose or subsided as a whole. The vertical rates at fault zones in the area vary within the 
range of 0. 13-tJ. 48 mm/ a, with an average value of 0. 29 mm/ a. 
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1 Introduction 
Leveling has been widely used in monitoring tectonic 
and man-made crustal deformations. Their observation 
provides direct visual explanation for the characteristics 
of the vertical deformation of the objects under study. 
Geodetic leveling has been playing an important role in 
studies on modern crustal tectonic activities, earthquake 
prediction, land subsidence and deformation due to 
large-scaled construction['-'1• By using leveling data, 
some previous studies made significant findings on land 
subsidence in Tianjin Area in the 1970s -1980s[•-•J. 
Such subsidence, caused by massive groundwater ex-
ploitation to meet fast industrial and agricultural needs, 
has far exceeded subsidence associated with tectonic 
deformation. Thus , there are currently very few studies 
on tectonic activities based on leveling data in this are-
a. In this study, we use leveling data from 1992 to 2008 
to study the vertical deformation and current activities 
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of major fault zones in Tianjin area. 
2 Data processing 
Groundwater exploitation may cause land subsidence at 
a rate of aa much aa about 100 mm/ a near the mouth of 
the pumping well [OJ , far exceeding the rate of tectonic 
deformation. Groundwater-exploitation related subsid-
ence shows a V -shaped curve along with the leveling 
lines centered at the well or group of wells. The first 
task in our study was to fit the subsidence data with 
polynomial functions along the leveling line , and to e-
liminate or greatly reduce the exploiting effect. We then 
proceeded with interpolation and according to tectonic 
blocks , and tried to fit the result with the following e-
quation[lOJ : 
( 1) 
Where ll.h is the rate of level change at an observation 
point; h0 is the vertical motion parameter of a block ; 
a1 ,a2 ,a3 ,a4 ,a5 and a6 are undetermined coefficients; 
X and y are distance parameters of the observation point 
from block center. By using the results calculated from 
( 1 ) , we were able to suppress information on local 
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changes and enhance the overall deformation informa-
tion of the blocks, thus facilitating the study of tectonic 
activity of the blocks and their boundary faults. 
3 Crustal deformations 
We divided the leveling data in Tianjin area during 
1992 - 2008 into two stages , 1992 - 1999 and 1999 -
2008. Fig. 1 and 2 show, respectively, maps of vertical 
deformation rates calculated directly from leveling data 
after close-loop adjustment and with Beijing as the ref-
erence point. The root-mean-square error per kilometer 
is less than 1 mm/a. The inter-bench-mark distance is 
generally 2 - 3. 5 m. 
The ground surface in Tianjin area has shown univer-
sal subsidence in recent decades. During 1992 - 1999 
( Fig. 1 ) , the subsidence rate was large in the middle 
part of Tianjin, and smaller in northern and southern 
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parts. In the northern part, the rate was less than 10 
mm/a in Baodi and 10 -20 mm/a in Dakoutun-Pan-
zhuang-Tianjin. In the southern part, the rate was less 
than 30 mm/ a between Chenguantun and Tangguan-
tun. In the middle part, the rate was as large as 50 
mm/ a between Yangliuqing and Xianshuigu, and local-
ly as large as 90 mm/ a in Y angliuqing and 80 mm/ a in 
Xianshuigu. From Xianshuigu southward to Dasuzhuang 
there appeared a subsidence zone at a rate of as much 
as 60 mm/a. In Wuqing and Ninghe,which are respec-
tively northwest and northeast of Tianjin, the rate was 
as much as 50 and 60 mm/ a, respectively. In coastal 
area east of Tianjin, the rate was larger in northern part 
in Han' gu, as much as 50 mm/ a, and smaller in south-
ern part in Tanggu -Qikou, about 20 - 30 mm/ a. 
Compared with the crust deformation during 1992 -
1999, the pattern changed somewhat during 1999 -2008 
( Fig . 2 ) . The subsidence rate in Baodi in the northern 
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Figure 1 The vertical deformation rate of Tianjin area during 1992 -1999 
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Figure 2 The vertical deformation rate of Tianjin area during 1999 - 2008 
part of Tianjin remained to be 0- -10 mm/a;the -
10 mm/a rate line moved to the southern part of Dak~ 
outun and Cuihuangkou to the south, and it expanded 
in scope. However, the - 20 mm/ a line was about the 
same as before, still extending to Panzhuang, Tianjin. 
Y angliuqing~Xianshuigu in the middle part was still the 
center of higher rate , with maximum of as much as -
80 mm/ a. The - 50 mm/ a curve expanded to the 
southern part of Chenguanzhuang to the south. The rate 
in the southern part of Tianjin increased. The previous~ 
ly obvious subsiding area in Xianshuigu~Dasuzhuang 
now shrank to the north away from Dasuzhuang. In the 
coastal zone , the rate was basically the same as before in 
the southern part ,but decreased from -60 to -30 mm/ a 
in Hangu in the northern part. In Ninghe and its western 
vicinity , two larger local subsidence centers appeared , with 
maximum rate of -80 and -90 mm /a,respectively. 
In summary ,compared with 1992 -1999 the subsid-
ence rate in 1999 - 2008 remained about the same in 
Baodi-Dakoutun-Panzhuang-Tianjin in the northern part 
and in the coastal zone, being relatively small. The rate 
was larger in Yangliuqing-Xianshukou in the central 
part. The rate decreased in Y angliuqing in the western 
part, but increased in Chenguanzhuang in the southern 
part and in Ninghe in the northeastern part, where a lo-
cal subsidence center was formed. 
4 Tectonic activities 
4.1 Block movements 
Faults developed in Tianjin area include mainly the NNE -
trending Cangdong, Tianjinbei and Tianjin-Dacheng 
faults, the NW-trending Jiyunhe and Haihe faults, and 
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the EW -trending Baodi fault. They have divided Tianjin 
area into Baodi, Wuqing, Shengfang, Yuelongzhuang, 
Panzhuang, Shuangyao, Beitang and Banqiao blocks, as 
shown in Figure 3. 
The defonnation in Tianjin area during 1992 -1999 and 
1999 -2008 ,after eliminating the above -mentioned sub-
sidence effect and fitting the individual blocka, are shown 
in Figure 4 and Figure 5 ,respectively. 
During 1992 - 1999, the northern part of Baodi 
block , located north of Baodi fault, ascended at a rate of 
0. 2 - 0. 5 mml a, while the southern part subsided at 
- 0. 2 mm/ a, the difference being 0. 7 mm/ a, and thus 
the block tilted to the south. During 1999 - 2008 , this 
whole block subsided at a rate of - 0. 2 - - 0. 8 
mml a, larger in the northern part; the difference is 0. 6 
mm1 a, and the block tilted to the north , which was op-
posite to result of the previous period. 
In W uqing block, which is bounded by Baodi , Tian-
jinbei , Haihe and Hexiwu faults , the rate during 1992 
- 1999 was 0 - 0. 4 mm/ a, and the southeastern part 
ascended relatively to the northwestern part; the whole 
block tilted to northwest with a differential rate of 0. 4 
mm/a. During 1999 -2008, the rate was about -0. 2 
mml a, without obvious differential change , and the 
whole block showed a uniform snbsidence. 
Figure 3 Sketch of tectonic writs of Tianjin area 
In Shengfang block, which is bounded by Haihe fault to 
the north and Tianjin-Dacheng fault to the east, The 
rate was -0. 2 -0. 8mm/a during 1992 - 1999, with 
the western part ascending while the eastern part snbsi-
ding; the differential rate was 1 mm/ a and the block 
tilted to the west. During 1999 - 2008 , the rate was -
0. 5 -0. 1 mm/ a, with the southern part ascending and 
the northern part snbsiding; the differential rate was 
0. 6 mml a and the block tilted to the north. The tilt di-
rections changed between the the two periods. 
In Yuelongzhuang block , which is located to the 
north of Jiyunhe fault, the northern part ascended dur-
ing 1992 - 1999, with a maximum rate of 1. 6 mml a, 
while the southern part subsided with a maximum rate 
was - 0. 8 mml a; the differential rate was 2. 4 mml a 
and the block tilted to the south. During 1999 - 2008, 
the middle part of the block ascended with a rate of 0 
- 0. 4 mml a, while the southeast and northwest parts 
subsided with a the maximum rate of - 0. 6 mm/ a; the 
differential rate was 1 mm/ a. 
In Panzhuang block , which is bounded by Jiyunhe , 
Cangdong, Haihe and Tianjinbei faults, the northern 
part subsided during 1992 -1999 with a maximum rate 
of - 0. 6 mml a, while the southern part ascended with a 
maximum rate of 0. 2 mml a; the differential rate was 
0. 8 mm/ a and the block tilted to the north. During 1999 
- 2008 , the block tilted in the opposite direction, the 
northern part ascended with a maximum rate of 0. 4 mm/ a 
and the southern part snbsided with a maximum rate of 
-0. 3 mm/ a; the differential rate was 0. 7 mm/ a. 
In Shuangyao block , which is next to Panzhuang 
block to the north and Shengfang block to the west and 
bounded by Cangdong fault on east side , the southern 
part ascended with a maximum rate of 1 mml a during 
1992 - 1999, while the northern part showed no obvi-
ous change , thus the block tilted to the north. During 
1999 - 2008 , this block ascended as a whole at a rate 
of0-0.6mm/a. 
In the coastal zone , which is next to Beitang 
block to the north and Panzhuang block to the west and 
bounded by Haihe fault in the south , the northern part 
subside at a rate of -0. 4 mm/a during 1992 -1999, 
while the southern part ascended at 0. 4 mml a; the 
differential rate was 0. 8 mm1 a and the block titled to 
the north. During 1999 - 2008 , the northwest part 
showed no obvious change , while other parts snbsided 
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Figure 4 The vertical deformation rate of 
Tianjin area during 1992 -1999(fitting) 
with a maximum rate of - 0. 6 mm/ a; the differential 
rate was 0. 6 mm/ a. 
Banqiao block, which is next to Beitang block to the 
north and Shuangyao block. to the west, showed little 
vertical deformation during 1992 - 1999. During 1999 
- 2008 , this block subsided at a rate of - 0. 3 - -
0. 4 mm/ a. No obvious differential change within the 
block was observed. 
The vertical deformation mentioned above shows that 
different blocks showed different activities, some titled 
and some ascended or sunk as a whole. The activities 
also showed temporal changes. 
4. 2 Fault activities 
From the differences of vertical movement rate between 
adjacent blocks we calculated the vertical movement 
rates of the faults in Tianjin area. The results are shown 
in Figure 3 and Table 1 , from which we see: 
1) The vertical displacement rates were relatively large 
at Jiyunhe, Hexiwu, Tianjin-Dacheng, and Hehai faults, 
but relatively small at Tianjinbei and Baodi faults. 
2) The rates at Jiyunhe, Hexiwu and Cangdong faults 
during 1999 - 2008 were larger than during 1992 -
1999 ,indicating a slightly enhanced fault activity. 
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Figure 5 The vertical deformation rate of 
Tianjin area during 1999 -2008(fitting) 
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3 ) The average vertical movement rate in Tianjin are-
a was 0. 29 mm/ a. 
For the southeast-dipping Hexiwu fault, with the as-
cension of its hanging wall, it showed a reverse charac-
teristic during 1992 - 1999 ; but during 1999 - 2008 , 
the hanging wall subsided at the southern section , 
showing a normal characteristic , and ascended at the 
northern section, showing a reverse characteristic. For 
the south-dipping Baodi fault, the hanging wall ascen-
ded during both periods , showing a reverse characteris-
tic. For the southwest-dipping Jiyunhe fault and the 
southeast-dipping Tianjin-Dacheng and Cangdong 
faults , the hanging wall ascended during both periods , 
showing a reverse characteristic, like Baodi fault. For 
the northwest-dipping Tianjinbei fault, the hanging wall 
subsided during 1992 - 1999 , showing a normal charac-
teristic, but ascended during 1999 - 2008, showing a 
reverse characteristic. For the southwest-dipping Haihe 
fault , the hanging wall subsided during 1992 - 1999 , 
showing a normal characteristic ; but during 1999 -
2008 , its western and eastern sections ascended, show-
ing a reverse characteristic, while its middle section 
subsided, showing a normal characteristic. Thus, the 
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vertical deformation shows that modem fault activities 
in Tianjin area are mainly reverse in characteristic with 
a few normal activities. 
Table 1 Faulting rate of Tianjing area (unit: mml a) 
fault 1992 -1999 1999 - 2008 average rate 
Jiyunhe fault 0.32 0.48 0.40 
Hehai fault 0.28 0.24 0.26 
Hexiwu fault 0.29 0.42 0.36 
Baodi fault 0.27 0.19 0.23 
Tianjinnan fault 0.30 0.31 0.31 
Tianjinbei fault 0.16 0.20 0.18 
Cangdong fault 0.13 0.46 0.30 
5 Discussion and conclusions 
1 ) The vertical deformation rate calculated from the lev-
eling data during 1992 - 1999 and 1999 - 2008 shows 
that Tianjin area was a sinking area,caused not only by 
tectonic activity but also by groundwater exploitation. 
The subsidence rate was reduced in the later period, 
possibly because of measures taken to control the sub-
sidence. The significant sinking zones are mainly distrib-
uted in the areas from Y angliuqing to Xianshnigu, and in 
Ninghe and its western vicinity. The subsidence rates in 
these areas were as much as -50 mml a. 
2) Groundwater-exploitation cauaed ground subsidence 
shows a "V" (or similar to parabola) shaped profile along 
the leveling survey line , so we can use a polynomial func-
tion to fit and to deduct its effect from the leveling data, 
and thus obtain an avemge tectonic vertical deformation 
rate in Tianjin area. The avemge rate was 0. 29 mml a, the 
relatively large rate was 1. 8 mml a ,and the maximum dif-
ferential rate in the block was 2 8 mm1 a. 
3) The active blocks in Tianjin area belong to grade 
N tectonic unit , and distribute in a relatively small are-
a. During 1992 - 1999 and 1999 - 2008, the activities of 
these blocks showed different characteristics , some titled 
and some ascended or subsided as a whole. The deferen-
tial vertical deformation were relatively large in of some 
blocks, showing relatively strong tectonic activity, and 
relatively small in other blocks,showing weaker activity. 
4) The vertical-movement rate in Tianjin area was 
between 0. 13 and 0. 48 mml a, with an average value 
of was 0. 29 mml a, which is of the same order of mag-
nitude as 1 mm/a or less obtained by Ding Guoyn[lll, 
who used geological method. According to fault-cross-
ing leveling data, the average fault activity rate was 
0. 16 mm/a in Beijing area[tll, and 0. 17 mm/a in 
Northern China area[ 13l. Thus, the rate we obtained is 
basically consistent with the rates obtained by both geo-
logical and cross-fault leveling methods. 
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